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to  ::ow,  hydrogen  has  only  been  considered  as  a  haraful 

which  caiisor.  hydrogen  crittleness.  However,  in  iq*>7 
^ 

.ind  (7.  W.ilrrT  established  that  the  addition  of  hydrogen  to 


t itan inn 

•St  ud  it‘d. 


alleys  raises  their  plasticity  in  the  hot  state  [11.  They 
lil'Oys  of  Ti  with  R,  10  and  ^3%  (by  aass)  alaninuB.  Alloys 
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with  sxirh  a  high  aluvinur  content  are  cf  great  practical  interost 
tktr- 

since  ran  be  u:-eii  it  tespetatares  which  arc  unusually  high  for 

titaniUB  [2,  3].  Unfortunately,  titanium  alloys  which  contain  Bore 
than  7.5%  A1  have  low  technological  effect! vGcess  and  fracture  during 
het  working.  Alloying  alleys  of  the  Ti-Ai  systen  with  hydrogen  has 
Bade  it  possible  to  ovorroae  this  defect.  With  a  hydregen  content  of 
0.505%  (by  Bass),  a  billet  Bade  of  a  titaciua  alloy  wit'i  8%  A1  was 

t 

upset  at  950)^  to  78%  without  crack  foraaticn.  Ihe  billet  which  did 
net  contain  hydrogen  fractured  under  the  sa»e  renditions.  The 
titaniua  alley  containinj  A1  was  saturated  with  hydrogen  to 

0.2‘i‘fo.  At  950J^  and  a  deferaation  ratio  cf  69/f,  insignificant  spalling 
was  observed  on  the  upset  billet.  In  this  case,  the  billet  which  did 
ret  certain  hydrogor  was  ccspletely  destroyed  during  forging. 


However,  not  one  study  has  been  published  in  this  area  since 
t957.  the  purpose  of  this  research  was  to  study  the  techno logira 1 
plasticity  of  a  titaniua  alloy  alloyed  with  9%  A1  in  a  broad  range  of 
hydrogen  contents  (0.006:-0. 3  weight  5t)  at  het  werking  terperat  ures. 
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Alloy  Ti  ♦  9%  A1  was  made  froa  titaniua  spenge  TC.-loTj  and 
alurinuB.  ntan.l  A7.  A  5  ka  ingot  was  aelted  in  a  vacuus  furnace  with  a 
consumatle  batch  electrode.  The  ingot  was  arlted  twice*  to  ortiin  a 
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■ore  hoaogeneoas  composition.  The  alloy  was  studied  in  the  cast 
s  .>te.  Cylindrical  sp^ciwons  20  ns  in  diasoter  and  1S  bb  high  were 
turned  tron  the  inqot. 

The  spccinens  were  saturated  with  hydcogcD  in  the  cquipaont 
described  ia  [ U  ].  Before  hydrogen  absorption,  the  speciaens  were 
brought  to  the  identical  initial  state  by  vacuus  annealing  for  2 
hours  at  800®. 

The  sp'=!ciaons  were  placed  in  a  cortaircr  Bade  of  refractory 
steel  and  loaded  into  the  furnace.  After  the  furnace  reached  the 
assigned  tecperatuce,  the  container  with  the  speciten  was  held  for 
30-40  winutiis  and  transferred  to  the  test  sachine.  1-1.5  airut^s 
elapsed  iron  nhe  time  the  centainer  with  the  speciaen  was  reaoved 
troB  the  furtiace  until  the  tests  were  ccapleted.  During  this  tiae, 
the  teaperaiuro  of  the  specioen  resained  virtually  constant. 

The  t e.  h. olo j ica 1  plasticity  and  nature  of  fracture  w^re 
e.rtirated  by  Jeterniiiing  the  alloy’s  plasticity  wht  n  t*->stincj  t  h-> 
rprciBciiE  h|  until  the  first  crack  which  could  he  seon  hy 

the  n  iked  ey.  app-'  irel.  The  spccinens  were  upset  in  a  OriM-*)  ta.ichire 


a  croF.:t'ar  which  Bowfd  at  a  sp^ed  of  1C  ss/Bin.  When  the  lead 
exceeded  S  te.nn,  the  tests  were  c'lnducted  cr  hydraulic  press  Pd'1-125 
with  a  force  ranqe  of  up  to  125  tons.  PurtherBCrc,  part  of  the 
specimens  were  subjected  to  dynamic  upsetting  cn  air  hammer  FM-50 
with  fallirij  parts  vc-iqhinq  50  kg. 

X-ray  investigations  were  carried  out  In  a  KBOSS  charber  with  a 
flat  ho'jsir?.  The  x-rays  wore  taken  in  copper  /ftec  radiat  ion  with  a 
nickel  filt‘=-r. 

Thes’  upsettinj  tests*  showed  (Fig,  1)  that  the  plasticity  of 
alloy  Ti  ♦  %  M  is  very  low  at  temperatures  up  to  1100®.  [  Foctnote: 

*h.  V.  Yetmishin  pa i ♦icipated  in  the  experirental  part  of  the 
research.  Hnd  foot  not- j  Cracks  already  appear  cn  the  sides  of  the 
specimen  a?  a  50'4  ilerornaticr.  ratio  and  an  upsetting  temperature  of 
1C‘'0®,  which  cotrec. 'on ds  to  the  cr-regicn  of  the  Tt-M  phase  diagram 
tor  this  alloy.  Reducing  the  temperature  to  1000  and  950®  decrt.ises 
the  critical  dc  lor  *  i  *.  i  on  ratio  to  3P  and  259^  respectively.  High 
dolor  Brtt  i  <»r'  r-;;i  ;t  a  nc'  ir.  typical  cf  alloy  li  ♦  V'ic  Al.  \X  a 
df  roriafjor  ten  per a t ur e  ot  950®,  the  specific  pressure  is  27  ard  32 
kg/TT-',  r'-;-pc(;t  ivo  1 Y,  fci  upsetting  at  25  and  5C"'o  (Fig.  2). 
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paisinj  th«  deforaation  tcnpecatarc  to  1100®  (this  teaporatur^* 
is  close  to  the  boundary  of  the  a  *■  fi/f  transition)  results  in  an 
ancnalous  saf'^e  in  the  plasticity  of  alloy  li  ♦  A1  with  si<jns  of 
superplasticity  which  are  typical  of  alloys  with  polymorphic 
tra* sf oraa ti ons  [5].  The  reserve  of  plasticity  in  a  specimen  upset,  ty 
15-80%  is  far  from  exhausted;  the  specific  pressure  during 
compression  is  3-u  hg/mm*  for  a  specimen  deformed  by  50%  (see  Fi',. 

2)  * 

During  tr-setting  at  temperatures  which  correspond  to  th® 
d-regior.  ( 1 15C- 1200*)  ,  the  alley  is  deferaed  ic  Ui’qh  deformation 
ratios  withou*  destroying  its  integrity.  However,  there  are  snir;. 
protrusions  ard  tears  along  the-  grain  edges  on  the  sides.  The 
critical  defoimation  ratios  turn  out  tc  be  lower  at  1150-1200*  than 
at  1 100*  (s^e  Fig.  I)  . 

when  0.1  M,  i.T  advled  to  the  alley  in  question,  the  criticil 
deformation  r-  t  io  at  050*  increases  to  45V.  vi.rsus  25%for  the  alloy 
without  liy<!ro..r'n  {';•••■  Fig.  1).  Increasing  the  t « s.pr  tafu  c  »o 


ICCO-IC'iO*’  tsdires  i '■  possiHe  to  dt'toia  ‘;u€ciB«}tiS  fcy  75-805?  or  ttoi  < 
D.-forw.iti  on  of  -iUcy  with  0.1'/*  at  1100“  occur;  i  na  1  oijou  n !  y  to 

that  of  the  rpeciaens  without  hydrogen  at  1150-1200®. 


During  dynaniic  upsetting  cn  an  air  hassacr  speoiBens  cf  alloy  Ti 
♦  9^  Al  fractured  by  spalling  after  50%  daf craation.  On  the  other 
hand,  rp<=ciEens  containing  0.  1J1  withstood  orsettinq  at  the  saee 
teaperature  by  BO- 9 37» without  signs  cf  fracture.  Haising  the  dynamic 
uprettir-.i  Tojfi  a<‘ure  tc  ?-reqien  tetpe  ret  ores  (1150-1200“  for  alley 
Ti  9%  Al)  causes  cracks  and  tears  to  appear  on  the  sides  at  a 
dp*^or  gnt  if'ri  ratio  of  around  75%.  With  censidecation  of  the  results  of 
a  ruKtri  of  published  tepotrs,  this  takes  it  pcssiblo  to  establish  a 
critical  deformation  ratio  of  75%  for  those  teaperatures  and  alloys 
(rco  rig.  1). 


Hydragep  considerably  reduces  th"*  defocBation  force  (see  Fig. 

2).  Thus,  a*  in  uj-s’tting  te^ceratuie  cf  95C®  and  a  doforna^ion  ratio 
of  f  1-  specific  pressure  during  ccapressicn  is  6  kg/cir?,  i.e.  , 

al»os‘  5  tines  lower  than  for  the  alloy  without  hydrogen.  Hydrr.ger. 
deer «’ i,‘ t-:;  »he  defor-faticn  force  up  tc  1100®;  at  higher  t  em  pe  ra  t  ui  ei, 
the  force',  becowe  a  opr  oxiaatel  y  equal  for  the  alloy  with  hydrog<*f.  at.i 
w  'i  t  f  i  our  1  *  . 


Tb*’  or  diftt»rent  hydrogen  ccnlent:;  c~  the  technological 


plasticity  of  alloy  ?!  ♦  9%  H  was  itodior,  at  950®,  when  the  critical 
defer  aat  ion  ratio  toe  the  alloy  with  O.CiOb  is  2i"o,  and  for  che 

alloy  witli  0.1?.  Hp  -  ^5  .  Figure  3  generalizes  the  results  of 
upsetting  cylindrical  specitsens  on  the  test  aachire  and  the  air 
hajser.  The  perBissible  defornation  ratios  increase  up  to  hydrogen 
contents  of  0.19-2.0%!.  The  speciaens  with  these  hyo;  'gen 
conce  n*-rut  inns  were  deforwed  by  8v%  withn.ut  any  tese^"  of  fracture. 
Further  i.ncreasing  th"  hydregen  content  in  the  alloy  reduces  its 
technological  plasticity-  Thus,  the  persissiblc  deformation  ratio  for 
an  alloy  with  0,29%  Hp  is  6  0%  and  for  an  alloy  with  0.3V,Hp  - 
Fracture  of  soecisens  with  0.25-0.  J.^  Hp  is  intracrystallinc,  as 
erposert  to  the  intnrecy stalline  fracture  of  specittens  with  a  Hj 
concentration  of  0.1?^. 


Th"  sp'^cific  pressure  during  50%  defer oaticn  of  the  alley  with 
0.15'edp  ir.  halt  that  of  the  alloy  wi»-h  0,  17d  H,.  The  decrease  in 
deforsa^  i  cn  resistance  is  retained  when  the  hydtogtn  cett'-nt  is 
incroa.s'’d  to  0.3^.  According  to  the  Ti-Al  phase  diagrao,  th" 
structure  of  the  alley  ir  represerted  hy  the  a-phase  and  a  sr»!l 


^  w-  «  M 
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Fig.  i,  Der<»n-<enco  of  technological  plasticity  cf  alloy  Ti  >  9)i  Al  at 
*150®  on  hyflrogen  content. 


FEy:  (1)  *ia>:i*iiB  co^anression.  (2)  content.  Height  . 


Fig.  4, 
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spociocn  cf  alley  Ti  ♦  9%,  Al  after 


45  fl'^foTTat  ion  at  1G50®.  x200 
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quantity  of  secondary  oj-phase  in  the  fern  of  a  fine  network  on  the 
a-phase  boundaries  in  the  initial  state  (0.006%  Hj).  When  the  alloy 
is  saturated  with  the  cicrostrocture  reaains  rirtually 

invariable,  except  that  the  intrsgrain  cubstrccture  is  revealed  Bore 

* 

clearly  and  tlic  speci-i^n  becomes  rcre  etchailo.  Kith  tha  further 
increase  in  the  hydroien  cencentration ,  the  intragraiu  substructure 
becoaes  finer  and  etching  reveals  an  overall  gray  background. 
Therefore,  the  specijien  Bust  be  lightly  polished  after  -itching  in 
order  to  reveal  its  structure. 


Alloy  Ti-»-9%Al  deforaed  at  950-1050®  has  aany  internal  flaws 
(Fig.  4)  which  are  located  in  the  places  where  three  grains  join,  but 
they  are  also  found  on  the  boundaries  between  two  grains.  The 
speciwens  doforned  at  1100  and  1150®  do  not  have  Bicroscopic  flaws, 
their  structure  being  represented  by  the  p-ttansforBed  phase. 


After  deforaation  in  the  teaperatuie  range  froB  1000-1150®,  the 
speciaens  with  0.1%  Hz  do  not  have  any  wicrcscopic  flaws.  The 
Bicrostructuce  of  the  alloy  changes  tarkedly  at  a  deforaation  ratio 
of  50*4  beginning  with  '050®.  It  looks  like  the  transforaed  a-phase 
with  acicular  structure.  As  the  teaperature  increases,  the 
acicularity  of  the  structure  is  wore  clearly  visible.  The  deforaation 
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ratio  has  the  saae  effect.  According  tc  out  observations,  this  type 
cf  structure  is  not  observed  at  a  dcforsaticn  ratio  of  ^0%  and  a 
teaperatur**  of  1050-1100®,  while  at  the  sa»e  teaperatare  and  a 
deformatior  ratio  of  75J»,  clearly  expressed  acicular  structure  foras. 


In  order  to  determine  the  cowpleteness  of  recrystallizaticn,  the 
deforaed  spcciwens  were  studied  by  X-ray  aralysis.  The  results  of  the 
I-ray  analysis  of  speciaens  of  the  alloy  with  C.006  and  0.  1ti  h, 
deforaed  by  50'i<  showed  that  the  alloy  with  0.006^.  H*  daforaed  at  950® 
has  nonrecrystalli 7ed  structure.  The  unbroken  interferential  rings  in 
the  X-rays  with  no  traces  of  branching  intc  separate  reflexes 
indicate  this.  Cooplotely  cecrystallized  structure  is  observed  in  the 
speciaen  deforaed  at  1100®. 


The  x-'.ray  of  the  specinen  deforaed  at  1150®  indicates  a  less 
tecrystalli  .ted  structure  than  that  of  specimen  deforaed  at  1100®. 
This  can  b»  explained  by  the  fact  that  1100®  is  close  to  the 
teapera^ure  of  the  transf oraaticn  and  that 

recrystalli nation  is  accelerated  during  deferaation  accoapaniod  by  a 
phase  tranr !oraation. 
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The  hydrogen  in  alloy  Ti  ♦  9%  A1  Iohocs  the  temperature  of  the 
beginning  of  rectyntall  nation.  PaLtially  ccccysta llized  structuiro  is 
observed  in  the  speciae:  ultb  0.  iji  H*  deforued  at  950'*,  while 
recrystallization  is  already  coeplete  in  the  spccisen  deforued  at 
lOOO®.  Py  analyzing  the  X-rays  wo  find  that  tha  alloy  witb.  0.^%  I!j  is 
in  a  mere  stressed  state  than  the  alloy  with  0.C06  K*  deforued  under 
the  saoe  conditions.  The  reflexes  are  acre  blurred  in  the  X-rays  of 
the  alloy  with  hydrogen  than  in  those  of  the  alloy  without  it.  The 
results  obtained  in  this  report  confir*  the  data  given  in  the  patent 
[1]  which  state  that  nydregen  raises  the  defocaability  of  titaniuu 
alloys  with  a  high  aluninuu  content  in  the  teupecature  range  used  for 
het  working. 


A  favorable  effect  of  on  technological  plasticity  is 

observed  up  to  I'lOO**,  Above  this  teeperatore,  the  pecaissible 
coupressior  is  virt  lally  identical  for  specluens  with  and  without 
hydrogen.  The  grca»3sr  technological  plasticity  is  observed  in  a 
specific  trnperature  range.  This  teupecature  is  close  to  1100®  for 
alley  Ti  ♦  Al.  Hydrogen  lovers  this  teuperature  and  expands  the 
teuperaturo  range  in  which  the  eaxiuuu  plasticity  is  uanifested. 
There  is  no  doubt  that  the  reduction  of  the  teuperature  and  working 
force  is  often  desirable  and  has  practical  applications.  Of  course, 
after  the  favorable  effect  of  hydrr''en  cn  the  technological 
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efficiency  of  the  alloys  is  used*  it  sost  te  resoTod  fro*  the*  by 
vdcuuK  annealing  in  order  tc  avoid  hydrogen  brittlenens. 


One  possible  hypothesis  of  the  Bechanirc  cf  this  hydrogen  effect 
can  be  sussed  up  as  tollcMs.  In  report  [6],  I.  I.  Kerailov  et  al. 
proved  that  titanius  aluaide  with  the  ccapositicn  Ti^Al  exists  in  the 
Ti-Al  syste*.  increasing  the  aluainu*  content  in  titaninn  alloy..: 
results  in  the  supersatucation  of  the  sclid  solution  a  and  the 
separation  of  dispersed  as-phase  particles  fccn  it  based  on 
inter Jetallide  TijAl.  These  particles  inhibit  sliding  on  the  grain 
edges*  as  well  as  within  thes.  This  causes  plasticity  to  drop  ;t 
tenpecatnres  below  the  dissclution  teaperatnre  cf  titaninn  aluninide 
TijAl.  Clearly  expressed  intergranular  fracture  is  eanifested  and  the 
individual  grains  are  clearly  visible  on  the  surface  of  the  speciaens 
after  conpression. 


Hydrogen  inhibits  the  fornaticn  of  grain^edged  a^-phase 
separations,  which  is  responsible  for  the  ’rittle  fracture  of  alloy 
Ti  ♦  *)*/•*!  during  dofornaticn.  Fracture  beccnes  intracrystallinc  and 
viscous. 


The  >?uppression  of  phase  separation  when  alloying  alloy  T  i  ♦  9^ 
»1  with  hydcogen  is  not  the  only  reason  for  raitx-d  technolcqic.il 
ef fectireness.  An  anoaalens  surge  in  technological  effect! vcn‘>ss 
slvllar  to  the  phenoaenoTi  of  soccrplast icity  uhicU  was  first  s^'ndleii 
in  detail  by  A.  A.  Eocht?ar  [7]  even  cccurs  during  ccapression  in  the 
alloy  without  hydrogen  at  teepetat ures  close  to  the  «  ♦  fi/p  phase 
transition. 


Hydrogel  facilitates  the  conditions  for  the  developsent  of  the 
ancaalous  surge  in  tschnoloqical  effectiveness  related  to  the 
supecplasticlty  effect  in  alloy  Ti  ♦  3^-'  Al  daring  the  phase 
transition.  The  addition  of  hydrogen  act  cnly  raises  the  pernissiblo 
coapression,  but  also  aackedly  decreases  the  deforaing  forces. 


There  are  at  least  two  reasons  why  hydrogen  can  contribute  to 
the  developi<'nt  of  supeiplasticity ;  being  a  ^-stabliiier,  hydrogen 
lowers  the  t'.'specature  o*  the  a  ♦  p/p  transition;  therefore,  th' 
plasticizatii.r  effect  is  saniferted  at  lower  tetpecatuces  in 
hydrogen-sat  aated  specicens.  Secondly,  hydrogen  has  diffusion 
coef f ici«‘nts  which  .ire  several  orders  ot  wagnitudo  higher  than  the 
those  of  the  other  elenenta.  Thus,  at  1000®  the  diffusion  coefficient 
of  hydrogen  :r.  p-titaniuw  is  10*  tije^i  greater  than  the  cotttiri*-ot 
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o£  usioti.  Weight  concentrations  of  hydrogen  on  the  order  of 

C.  l'i-0.20%  correspond  to  5-10  atoaic  56.  At  such  high  concentrations, 
hydrogen  cannot  help  but  have  an  accelerating  effect  on  the  diffosion 
of  titaniua  atoas,  although  it  is  an  interstitial  adalxtuce. 


Hydrogen  has  the  nost  favorable  effect  at  950®  in  the  range  of 
concentrations  fron  0.15-0.2%.  tt  both  lower  and  higher  hydrogen 
concentrations,  the  plasticization  effect  decreases  for  two  reasons: 
at  hydroq^'n  contents  below  0.15%  the  teapezatuce  range-  in  which 
superplast icity  is  wanitested  is  higher  than  950® »  and  at  contents 
greater  than  0.2>i  -  lower.  When  the  hydrogen  contents  are  too  great, 
the  harntul  effect  of  hydrogen  dosinates  -  hydrogen  brittleness 
begins  to  develop. 


Ccnclusl  onr 


1.  The  study  corfiras  data  on  the  favorable  effect  of  hydrogen 
on  the  technolo'jicrl  plasticity  of  alxcys  with  a  high  alua^nua 
content  at  '.ot  woe  King  tt.apcraturos. 
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2-  ThP  favoraDl«5  effect  of  hydco;}en  is  not  only  expressed  by 
lowerin';  the  tosperatnrc  of  the  ancaalcns  surge  in  plasticity  related 
to  the  •  (around  1100®  for  alley  Ti  ♦  SZ  kl)  ,  but  also  in 

the  extension  ot  the  teaperatore  range  of  increased  technological 
effectiveness  daring  upsetting  fros  1000  to  1050®. 


3.  The  positixe  effect  of  hydrogen  is  also  Manifested  in  a 
considerable  reduction  in  the  deforaaticn  forces  throughoot  the  range 
cf  tespecaturos  and  hydrogen  concentrations  In  question. 


U.  Hydrogen  has  the  acst  favorable  effect  in  the  range  of 
concentrations  fron  0.15*0.2y*  (by  sass). 
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